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(57) Abstract 



A microflutdic analyzer module. The module is constructed of a plurality of channel forming laminate layers that are directly bonded 
together without adhesive or other possible contaminant source located proximate the flow channels. The channel forming laminate layers 
define a network of fluid flow channels. A valve containing layer is directly, adhesivelessly bonded over the channel containing layers. 
A flexible valve member integral with the valve layer opens and closes communication between feed and sensor channels of the channel 
network. 
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Field of the Invention 

The present application is directed to a fluid flow module that allows for analyte 
sample flow therethrough while providing a situs for the location of a sensing element or 
elements therein to detect analyte presence and/or concentration. The module is designed for 
microfluidic flow rates and volumes and can be discarded after use with simple replacement 
by another module. 

Background of the Invention 

Microfluidic analyzers have been used to sense a plurality of analytes in whole blood, 
diluted blood plasma or serum. Additionally in the rapidly growing fields of cell culture 
growth and fermentation, it is often necessary to measure glucose, glutamine, lactate, NH 3 
phosphate and iron in micro-scale fluid flow analysis systems. 

Due to the scarce and often expensive nature of the fluid medium containing the 
analyte, it is imperative that the fluid medium should be conserved with only the smallest 
amounts used for the analysis. Also, the emphasis toward in-situ measurement of biological 
fluids such as cell culture media dictates that the analytical equipment should not only be 
small in size, but component parts of the analytical system should also be designed for easy 
removal from the system and rapid replacement of a new component part to the system so that 
cleanliness of the component can be accurately controlled without interruption in the 
monitoring effort. Moreover, such a component or assembly itself should be as free from 
contamination itself as possible. 

There are several additional reasons why the measurement of sterile biological fluids 
benefit from the use of a disposable microfluidic; for the measurement of sterile fluids the 
measurement system should be enclosed, i.e. all wetted parts should be sealed so that they 
may be sterilized and remain that way during monitoring. If the entire fluidic system 
(including sensor, reagents and waste) is to be enclosed then economics dictate that it should 
be small, preferably very small. 

Another aspect of the micro approach responds to the above-noted need to consume 
only small amounts of samples. If small amounts of sample are withdrawn for analysis then 
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network of small or micro dimensioned channels with certain channel portions formed 
surface area of one laminate layer and other channel portions formed in the contiguous 
surface area of an adjacent laminate layer. A thin, polymeric valve layer is also provided as 
part of the laminate structure. The valve layer is securely bonded over the sandwich 
construction over all surface areas except those in which valving action must occur. That is, 
in those areas of the sandwich in which valving action is needed to selectively block or open 
communication between channels of the network, an overlying flexible polymer valve is 
provided with flexing of the polymer valve against the underlying laminate layer surface 
functioning to open or block channel communication. 

In accordance with the invention, complex three dimensional structures can be 
constructed from layers, with the benefit that each layer can be treated as a planar, two 
dimensional, entity. This is significant because of the extensive capabilities which have been 
developed which support the micromachining of planar substrates. The ability to build these 
layers into three dimensional structures requires not only bondability but the use of techniques 
of registration and bonding which preserve the integrity of the micro features themselves. 

The materials used to form the module are inert, micro-machinable, bondable and 
dimensionally stable. Additionally, metal layers may be readily provided over these 
materials. This is an important consideration in regard to the desirable integration of sensor 
and fluidic. 

The invention will be further described in conjunction with the appended drawings 
and following detailed description. 



Brief Description of t he Drawing s 

Fig. 1 A is a plan view of a microfluidic analyzer module in accordance with the 
invention; 

Fig. 1 B is a sectional view of the microfluidic analyzer module shown in Fig. 1 A 
taken along the plane represented by the lines and arrows IB-IB thereof; 

Fig. 1C is a sectional view of the microfluidic analyzer module similar to that shown 
in Fig. IB, but here showing positioning of the valve member in the open position to allow 
communication between certain channels of the fluid network; 
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over channel 14. This channel communicates with perpendicularly disposed inlet channel 24 
which extends perpendicularly through the layer 4 and is positioned adjacent valve egress 
channel 26 which, in turn communicates with sensor channel 28. The lower portion of 
channel 28 is formed in the lower polymer layer. 

Fluid flow between the inlet channel 24 and valve egress channel 26 is selectively 
controlled via movement of valve member 22 which is an integral part of valve layer 8. The 
valve 22 surrounds the area adjacent the bores communicating with inlet and egress channels 
24, 26 respectively, which bores are perpendicularly disposed with regard to and terminate in 
the top planar surface of upper polymer layer 4. A valve support layer 10 constructed of rigid 
plastic such as polyethylene, polypropylene, polycarbonate or polyphenylsulfone is provided 
on top of the upper polymer layer 4. The valve support layer 1 0 includes a vaulted concavity 
12 which is positioned directly on top of the valve 22. 

In one possible mode of operation a valve actuation conduit 30 is provided so that 
pneumatic or hydraulic fluid in communication with the conduit will selectively apply 
negative or positive pressure to the conduit thereby opening and closing the valve 22. In 
other words, valve 22 in its open position will flex so that it will be arched upwardly in the 
concavity 12 (see Fig. 1C) thereby allowing fluid communication between the inlet channel 
24 and valve egress channel 26. Conversely, when positive pressure is applied through the 
conduit 30, the valve 22 will return to a position wherein it is contiguous with the top surface 
of upper polymer layer 4 (Fig. IB), thereby closing communication between the inlet 24 and 
egress channel 26. 

In the preferred method of operation, the fluid pressure will open the valve. In this 
way instantaneous negative pressure is not applied to the channel fluid which can cause 
degassing and the creation of bubbles. Bubbles are of course very undesirable in a 
microfluidic due to the surface tension of the bubble and the channel wall and the resulting 
increase in the resistance to channel flow. 

It is noted that the interfacial areas defining boundaries between the upper polymer 
layer 4 and lower polymer layer 6 are directly bonded together without any adhesive. Also, 
the polymer valve layer 8 is directly bonded to the upper layer 4 without an adhesive means in 
all of those interfacial regions between layers 4 and 8 save for the valve areas 22. 
Accordingly, considerable flex and stretch remains in the valve area 22 so that the flexible 



WO 99/03584 

PCI7US98/14950 

polymer in .his area may be free to flex upward* towari fc vaulKd k 
^-^^decomm^b^^^^^r 

f-ed ^m .me.cham.eJ communicates respectively with calibrant branch feed 
channe bnTfer feed branch channe, , 8 , and analyte bmncb fee, ch™, * Se „I 
channel 28 ,a in conununtcation with valve egress channel 26 

Turning now „ Fig . 3 , sensor chaimel 28 „ ^ .„ fc 

^1 me,,a y er4 a „duppersurf.ee„f la yer, 

passes ftom lefl ,„ right and is in fluid flow M „,ac, wftb refemnce ^ 

As h „u,d flows from left to right and paa.es overthe electrodes, i, flows to „ utta eondui, 
*- tnto « 5 g. ne 0 u„e, condui , 56 ^ fce comecKd b £hame| ^ dm 

,mcft connect mechanism to facilitate eaay remova, and repiacemen, of the module 2 
plnteaureZ 7 h ' h < m ™- * * —des are positioned on a 

other a " " T"^ "* a " h °° 8h * ^ *** — " — - " Fig 3 
ctLTZ : 0 " ld 7 i, ? beemPl - d -«-'«"^«-S lh ro„ 6 b,he S e„3„ ' 
tanne In ,h,s regard, other elecftochemioa, or even optica, sensors may bo suitably 
d^cdw„h,„ sensor ch™, 2, i„ order , sense the presence or coneentmtion of ,„ 
unalyte, all „„ h ,„ the ambtt of the present invention. 

Turning „„ w 10 Fig . 4 , , here „ shown a sKt . ona| v . ew microfluidic flow 

feed cbanne, mean, senao, cham*, mean, and a v„ve for seta ive,v Noching o, 
Ftg, 'A-3dep,c,sam,cmfl„idicflowa„aly Z e,modale having „««,, H6w „„ . 

example, each oe„ may provide for anm ysis of a different analy, Hete va„e ,ay J 
mcludes v,ve areas 22, , and e. Underlying each men 22, b or c am a Jo" 
«mar,y eatendmg inle, and egress channel means simiiar to the m . rote 24 26 



-6- 



WO 99/03584 



PCT7US98/I4950 



shown in Fig. 1 . Each of these members terminates in a bore in the planar top surface of 
upper polymer layer 4. Additionally, in Fig. 4, feed conduit means have been shown for each 
cell and include calibrant conduits 32a, b, c, , buffer conduits 34a, b, c, and analyte conduits 
36a, b, c each with its associated pump, valve and reservoir. Additionally, three outlet 
conduits 56a, b, and c are shown, each one associated with one of the cells. A microfluidic 
flow analyzer module in accordance with the invention may contain a multiplicity of feed and 
sensor channels with each cell performing one or a variety of analyte sensing functions. 

For each cell shown in Fig. 4, the feed channel 14 thereof is provided with feed 
conduits 32a, b or c, 34a b. or c, 36a, b or c. These conduits are snap or otherwise matingly 
engaged with respective branch feed channels 16, 18, 20 (such as those shown in Fig. 1 A) so 
that the module 2 can be readily disconnected from the analytical system and replaced with 
another module 2. For each of the feed conduits 32a, b or c, 34a. b or c, 36a, b or c, pumps P 
are provided and may be operated for example by solenoid actuation through microprocessor 
control. The pumps include well known peristaltic pumps that are designed to pump a 
metered quantity of fluid from the reservoir R connected to the pumps P by valving 
mechanisms V. Additionally, each of the sensor channels 28 (see Fig. 3) are operatively 
connected to an outlet conduit 56a, b, or c via quick connect fittings. Again, this facilitates 
rapid replacement of one module 2 with another. 

Although external pumps, valves and resevoirs are shown in the drawings and 
described hereinabove for purposes of clarity and simplification, it is thought that virtually all 
micro fluid handling processes can be accomodated within the confines of the planar 
interfacial surfaces of the layers 4. 6 or 4, 8. It is presently envisioned that pressurized fluid 
resevoirs will be used in conjunction with restrictive membranes to accomplish the desired 
reagent microflow. 

As indicated above, any sensing means may be utilized and substituted for the 
electrodes 50, 52, 54. The only criterion is that the sensor, including electrochemical and 
optical sensors, should be capable of measuring the analyte as it flows past the sensing 
element in the sensor channel of the microfluidic flow analyzer module. 

Additionally, multiple analysis can be conducted in one channel by in-line series 
disposition of multiple sensor elements along the channel. In those cases in which electrodes 
such as those 50, 52, 54 are shown, they may be deposited on the plateau region 150 of the 
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negative resist should be used and the particular types of photo resists that can be applied. 
Also, etching of the desired pattern may be accomplished via normal high resolution 
techniques including electron beam, laser or ion beam etching. 

The polyimides are preferred for use as the layers 4, 6, and 8. These polymers are 
available commercially in thin film form with desirable film thicknesses being on the order of 
about 1 - 30 mils. So that the films may be bonded without application of adhesives and the 
like between layers, it is most desirable to employ bondable polyimides as the layers 4, 6, and 
8. Suitable adhesiveless directly bondable polyimides are reported in U.S. patent 5,525,405 
(Coverdall et al.). The disclosure of this patent is incorporated by reference herein. 

As is reported in the '405 patent, multiple polyimide film layers may be superimposed 
on and directly bonded to each other without use of an adhesive. These directly bondable 
polyimides are aromatic polyimides containing from about 400-10,000 parts of an inorganic 
bonding enhancing agent such as Sn. The films comprise the polymerization - imidization 
product of an aromatic tetracarboxylic dianhydride component and an aromatic diamine 
component. 

The aromatic polyimides are commonly prepared via reaction of an aromatic 
dianhydride and an aromatic diamine in an organic solvent medium. This results in formation 
of a soluble polyamic acid. This reaction normally proceeds at room temperature and is 
slightly exothermic. The polyamic acid precursors are converted to polyimides by 
dehydration, using heat or reagents such acetic anhydride or pyridine. 

The most popular commercially available polyimide films are formed by the 
condensation reaction of pyromeilitic dianhydride (PMDA) and oxydianiline (ODA). The 
reaction is illustrated in the following scheme: 
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diaminodiphenyl ethyl phosphine oxide; 4,4 , -diaminodiphenyl N-methyl amine; 4,4'- 
diaminodiphenyl N-phenylamine; 1,4-diaminobenzene (p-phenylene diamine); 1,3- 
diaminobenzene; 1 ,2-diaminobenzene; and the like. 

As mentioned in the '405 patent, copolyimides can also be prepared from the above 
precursors. Specifically mentioned are copolyimides derived from 15-85 mole% 
biphenyltetracarboxylic dianhydride, 15-85 mole% pyromellitic dianhydride, 30-10 mole% p- 
phenylenedramine and from 0-70 mole% 4,4'-diaminodiphenyl ether. The following 
copolymer is mentioned as preferred: 

30 mole% pyromellitic dianhydride 

20 mole% 3,3',4,4' biphenyltetracarboxylic dianhydride 

30 mole% p-phenylene diamine 

20 mole% 44'-diaminodiphenyl ether 

The '405 patent indicates that the organic solvents include normally liquid N, N- 
dialkylcarboxylamides, generally. Preferred solvents include the lower molecular weight 
members of such carboxylamides, particularly N,N-dimethyIformamide and N,N- 
dimethylacetamide. Other solvents which may be used dimethy [sulfoxide, N-methyl-2- 
pyrrolidone, tetramethyl urea, dimethylsulfone, hexamethylphosphoramide, tetramethylene 
sulfone, and the like. The amount of solvent used preferably ranges from 75 to 90 weight % 
of the poty(amid acid), since this concentration has been found to give optimum molecular 
weight. 

The solvated poly (amic) acid is further condensed to form the desired polyimide via 
heating at temperatures ranging from about 50°C initially, followed by higher temperature 
heating of about 350 - 400°C to result in almost complete condensation of the polyamic acid 
intermediate to the imide form. 

So as to enhance the adhesive-less bonding properties of the films a metallic bond 
enhancing agent such as Sn is added to the polyimide during the polymerization or film 
forming process. As reported in the '405 patent, Sn in the amount of about 400 -10,000 ppm 
has proven effective. Reputedly, the preferred amount of Sn ranges from 1,000 - 4,000 ppm 
with the mgst preferred amount being about 1,200 - 3,500 ppm. Tin can be added as an 
organotin compound as described in U.S. patent 5,272,194 or a Sn" 2 or Sn* 4 salt as specified 
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hydrauhcally driven ,o g e,her ,„ tan a pressure „ ip on ^ Iayers 4 , 

350 - c al pressures of ahou, 24 - 690 ha, for a period of , boo, 5 ^inutoa ,„ fc. houIS 
Prefera -be h.a,.press bonding operenon is curried on, under va^ of ieaa *« 76 „ m 
Hg In ,h,s mmne r ,he sandwich consrnrCon providing due cbannei bearing iayeru 4, 6 is 

After the sandwich construction of lavprc: d o^.; • a. , , 
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275 - 350°C at about 200 psi under vacuum conditions. 

Notably, when bonding the layer 8 to the sandwich assembly 4, 6, relief areas or 
apertures 122 are provided at least in the top platen 102 (as is depicted in Fig. 6). This platen 
(as well as the platens used in forming the original sandwich) has length and width 
dimensions that roughly match the dimensions of the layers 4,6, 8. However, during the 
bonding of the valve layer 8 to the sandwich, the relief areas 122 overlie the valve areas 22 
that will appear in the finished module. During the pressing operation, less pressure will be 
exerted on the laminate in the areas 122 than along the other laminate areas under the solid 
portions of the platen. Accordingly, the layer 8 in those areas will not readily bond to layer 4 
in the valve areas. The layer 8 in those areas will remain moveable and flexible so that it will 
perform as a valve that upon actuation will selectively open and close communication 
between inlet channel 24 and valve egress channel 26. Additionally, the relief areas may be 
provided with vents so as to prevent build up of gas pressure from outgass products. 

After the laminate consisting of layers 4, 6, and 8 is provided, the valve support layer 
1 0 is bonded thereover by conventional means such as by use of a dry sheet adhesive or heat 
bonding of thin elastomer sheet in a liquid solvent medium. The microfluidic analyzer 
module comprising layers 4, 6, 8 and 10 can then, if desired, be mounted on a base or other 
mounting mechanism ready for insertion as a component of a fluid analysis system. The base 
may be attached/sealed to the module 2 using conventional means such as self-sticking 
double sided adhesive, heat-bondable sheet adhesive or through the use of an elastomeric 
gasket seal in combination with a glue or solvent applied to the perimeter of the rigid base 
and receiving structure. 

The preceding description and accompanying drawings are intended to be illustrative 
of the invention and not limited. Various other modifications and applications will be 
apparent to one skilled in the art without departing from the true spirit and scope of the 
invention as defined by the following claims. 

What is claimed is: 
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6. A microfluidic analyzer module as recited in claim 5 wherein said feed channel 
comprises a feed channel bore extending upwardly through said first sheet of polyimide and 
terminating in said top surface of said first sheet of polyimide, said sensor channel comprising 
a sensor channel bore extending upwardly through said first sheet of polyimide and 
terminating in said top surface of said first sheet of polyimide proximate said feed channel 
bore, said valve means comprising a flexible material positioned over said feed channel bore 
and said sensor channel bore, actuation means connected to said valve means for pressing 
said flexible material over said feed channel bore and said sensor channel bore to block 
communication therebetween and for relaxing said flexible material in spaced relation over 
said top surface of said first sheet of polyimide for opening communication therebetween. 

7. A microfluidic analyzer module as recited in claim 6 wherein said sensing element 
comprises an electrochemical sensing element. 

8. A microfluidic analyzer module as recited in claim 6 wherein said sensing element 
comprises an optical sensing element. 

9. A microfluidic analyzer module as recited in claim 7 wherein said electrochemical 
sensing element comprises an electrode. 

1 0. Laminated microfluidic analyzer assembly module comprising a first, second and third 
layer of polymeric material, said first and second layers directly bonded together without 
adhesive to form a sandwich structure having a top surface and a bottom surface, said 
sandwich structure comprising a fluid flow channel formed therein, said fluid flow channel 
being in communication with said top surface of said sandwich structure, a valve region of 
said top surface in operative association with said fluid flow channel, said third layer of 
polymeric material superposed over said top surface of said sandwich structure, a portion of 
said third polymeric material overlying said valve region to define a valve, said third layer of 
polymeric material comprising a flexible plastic material bonded over said top surface of said 
sandwich structure except for said valve, said third layer of polymeric material retaining its 
flexibility at said valve, and a valve actuator operatively associated with said valve for 
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selectively closing and opening said valve. 

!L L rt, microfiuidic 25 -** * •» -i te. 
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